Introduction: Efficacious vaccines that prevent human papillomavirus (HPV) infection, the recognized cause of cervical cancer, are now available. However, in sub-Saharan Africa, immune-modulating infections such as helminths and malaria may affect immunogenicity to the HPV vaccine. This study aimed to evaluate the effect of helminth infections and exposure to malaria on the immune response to the bivalent HPV-16/18 vaccine. Methodology:AS04-adjuvanted HPV-16/18 vaccinated students between 10 and 16 years of age from western Uganda, at 18 months-post vaccination were followed up for six months. After consent was obtained, demographic data, blood, and stool samples were collected. Multiplex HPV serology technology was used to determine HPV-16/18 antibody levels expressed as median fluorescent intensity (MFI). The malaria antibody immunoassay test was used to detect antibodies to malaria parasites. The Kato-Katz method was used to detect the presence of helminths. HPV-16/18 antibody levels among students exposed to malaria or helminths were compared with those who were not exposed using the Student's t-test. Results: A total of 211 students participated in the study. There was no difference between MFI levels to HPV-16/18 antibodies at 18-and 24-month follow-ups among students who were positive and negative to malaria or helminth exposure. There was an increase in HPV-18 MFI antibody levels at month 24 among the students who were positive for malaria at enrolment (p = 0.05). Conclusions:Immune-modulating parasites (malaria/helminths) were not associated with reduced immune response to the bivalent HPV-16/18 vaccine. The data may support the use of this vaccine in sub-Saharan Africa.
Introduction
Over 85% of the worldwide burden of cervical cancer occurs in the developing world, with Uganda bearing one of the highest incidence rates of the disease [1] . Human papillomavirus (HPV), the most common sexually transmitted infection, has been recognized as a cause of cervical cancer [2] . In Uganda, infection with high-risk HPV is common. Prevalence among both HIV-negative and -positive young women under 25 years of age ranges from 41.6% to 75.0% and 23.7% to 67.1%, respectively, according to a recent review [3] . Therefore, prevention of HPV infection is a critical step in reducing the burden of cervical cancer.
The recently developed prophylactic vaccines against HPV infection are more than 90% effective in preventing infection and high-grade pre-cancer lesions associated with the HPV types included in the vaccine [4] . However, in sub-Saharan Africa, prevalent immune-modulating infections such as malaria and helminths have been found to reduce the potency of some vaccines such as the bacillus Calmette-Guerin (BCG) and measles vaccine [5] . It has been suggested that helminth infection results in Th2-type cytokine secretion, high TGF-β (transforming growth factor beta) levels, extremely low IFN-γ secretion, and increased CD4 + / CD25 + BT regulatory cell population, altering the immunological balance [6] . The Th1 responses (required for protective immunity) are inhibited as a result of the immunological imbalance, consequently impairing responses to vaccines [6] . Similarly, repeated episodes of infections with malaria can also elicit immunological regulatory responses that may affect immune responses and effectiveness of vaccines [7] . During malaria infection, free heme that is released is toxic to the parasites. However, the parasites have developed a mechanism of detoxification by aggregating heme into hemozoin, an insoluble biomineral that protects the parasites from phagocytosis while maintaining other immunosuppressive activities.
Hence, parasites have the ability to downregulate the host immunity. The downregulation of the immune system may spill over, altering responses to vaccinations [5] .
Therefore, through similar mechanisms of immune modulation, there is concern that the efficacy of the prophylactic HPV vaccines may be lower in tropical countries [8, 9] . Hence, there is need to evaluate the effect of parasites such as malaria and helminths on the newly introduced HPV vaccines among the populations that are exposed to them [10] .
Therefore, the objective of this study was to evaluate the level of immune response to the HPV-16/18 vaccine among students who had evidence of exposure to malaria and helminth infections.
Methodology

Study site
The study was conducted in Ibanda, a district in western Uganda. Ibanda district covers an area of 967 square kilometers (373 sq mi). It consists of one county and seven sub-counties. It has an estimated population of 242,800 people. At the time of the study, Ibanda district had 180 primary schools with 23,695 students, of whom 6,770 (28.5%) had been vaccinated against HPV-16/18 in April, May, and October 2010.
Study design
A prospective cohort study was conducted among 211 students who had been fully vaccinated (received three doses) with the AS04-adjuvanted HPV-16/18 vaccine beginning at 18 months (baseline results of antibodies published) [11] to 24 months postvaccination, between October 2011 and April 2012.
Study population
One administrative unit (sub-county) from Ibanda district was purposively selected. The selection was based on its population of at least 500 vaccinated students in primary level five, and its accessibility to the main road so that blood samples could easily be delivered daily to the laboratory (a distance of about 150 km) for processing.
The selected sub-county had 29 schools, of which 15 (51%) schools fulfilled the selection criteria. After permission from the district leadership to conduct the study was obtained, the head teachers of the selected schools were contacted by phone and briefly informed about the study and the letters they were about to receive from the community mobilizers. Community mobilizers, who were part of the study team, then visited the selected schools within the sub-county to deliver the letters that further explained the study, and requested permission from the head teachers to have their schools participate in the study. A convenient day for the study team to visit the school was agreed upon by both the school administration and the study team. The mobilizers used HPV vaccination registers from the district health office to verify HPV vaccination status. The head teachers were requested to invite parents/guardians of the students who had complete vaccination doses according to the register to come to the schools on the agreed-upon date. Trained research assistants and the principal investigator (PI) explained the study objectives and procedures to the students and their parents/guardians in separate sessions on the agreed-upon day of the school visits. After these sessions and responding to questions, the study staff obtained written informed consent from parents/guardians (guardians above 18 years of age). Finally, a written assent from the students who agreed to participate in the study and whose parents had consented was also obtained. All the students who were present on the day of the visit and had received three doses of the vaccine were eligible to participate. The students were consecutively recruited until the desired sample size was achieved.
Study procedures
At baseline (18 months post-vaccination), a standardized, interviewer-administered questionnaire bearing participant study numbers was used to obtain data on socio-demographic characteristics, vaccination status, and general medical and sexual history. Sexual activity was defined as having penetrative vaginal or anal sexual intercourse with the opposite sex. The students' names, serial numbers, study numbers, and school names were entered into a register for identification at their follow-up visits. In the meantime, through telephone contact, the head teachers of the participating schools were reminded to communicate to the students about the second visit and encouraged to be available on that date. At the 24-month post-vaccination follow-up visit, the schools that had students who had initially participated in the study at baseline were revisited. The students were identified using an enrolment book that had the students' study numbers and names. Students who had changed to another participating school within the study period were identified by both their former school and name. However, students were considered lost to follow-up if they had changed to a nonparticipating school or were absent from school after three visits to the school.
Under aseptic conditions, blood samples were collected from each student at both 18 (baseline) and 24 months post-vaccination. A stool sample was collected once at baseline since all the girls were dewormed and a repeat de-worming was undertaken shortly before the 24-month follow-up visit.
Blood sample collection
Under aseptic procedure, 2-3 mL of blood was drawn from the cubital vein into a labelled serumseparating tube (SST)tube by the study staff. The vials of blood were sealed and put in transport boxes that had ice packs and transported to Mbarara University Epicenter laboratory within two to eight hours of collection. In the laboratory, the vials of blood were centrifuged at room temperature, after which 1 mL of serum was aliquoted and temporarily stored at -80°C in Mbarara University Epicenter laboratory. Serum samples were then transported on dry ice to the molecular laboratory at the Makerere University College of Health Sciences and finally shipped on dry ice to Germany Cancer Research Center (DKFZ) in Heidelberg for HPV serological analysis.
Serological evaluation of HPV antibodies
Antibodies to the L1 proteins of HPV-16/18 were analyzed using a multiplex serology technology method. This method is based on a glutathione Stransferase capture immunosorbent assay combined with fluorescent-bead technology as described elsewhere [12] [13] [14] .
Procedure for estimating HPV antibodies
Bead sets carrying different antigens were mixed and incubated with an equal volume of the serum dilutions (2 µL) in a 96-well plate. Human antibodies bound to their respective antigens were stained with a secondary biotinylated goat anti-human immunoglobulin IgG (Dianova, Hamburg, Germany) and the fluorescent reporter conjugate streptavidin-Rphycoerythrin. A Luminex 100 Analyzer (Luminex, Austin, USA) determined the internal bead colour specific for the respective antigen and reporter fluorescence of the beads, reflecting the quantity of antibodies recognizing the respective antigens. For each bead set, the reporter fluorescence was expressed as median fluorescence intensity (MFI) of at least 100 beads per set per serum. Final antigen-specific MFI values were calculated by subtraction of glutathione Stransferase fusion proteins-tag (GST) and an individual bead background value. MFI levels of antibodies elicited by the HPV-16 /18 vaccine were calculated as mean plus 3 standard deviations (SD) of sera from HPV-16/18 negative controls. The cut off level for positivity to HPV-16 was 373 while for HPV-18 the cut off was 200.
Stool sample collection and examination
Each study participant provided a stool sample of about a teaspoon full, which was collected on labelled polythene sheets about 10 x 10 cm. The stool samples were immediately processed and examined using the Kato-Katz method [15] for hookworms, Ascaris lumbricoides, Trichuris trichiura, and Schistosoma mansoni. For quality control, each stool sample was independently examined by two laboratory technicians within the school compound and in case of discrepant results, a third technician reviewed the sample. A sample was considered positive if ova or helminths were found, and negative if no ova or helminth were found. The students who had worms were informed about their results and encouraged to take treatment, which was provided within a month after enrolment as part of the national deworming exercise during Child Days Plus.
Serological evaluation of malaria antibodies (IgA, IgG, IgM)
Serological evaluation of malaria was done in the molecular laboratory of Makerere College of Health Sciences using a commercial malaria enzyme-linked immunosorbent assay (ELISA) kit (DRG Malaria ELISA EIA-4263 kit, DRG International, Inc., Springfield New Jersey, USA) according to the manufacturer's instructions. The kit uses four recombinant antigens to detect specific IgG, IgM, and IgA antibodies to Plasmodium falciparum (P. faliciparum), Plasmodium vivax (P. vivax), Plasmodium ovale (P. ovale),and Plasmodium malariae (P. malariae). This enables the test to detect antibodies during all stages of infection. The antigens containing P. falciparum antigens (one merozoite surface antigen 1 (MSP1) and two merozoite surface antigen 2 (MSP2) with high sensitivity to antibodies against P. falciparum and different levels of crossreactivity to antibodies against other Plasmodium species.
Briefly, plastic wells were coated with a mixture of P. falciparum and P. vivax recombinant antigens. The antigenic similarity between Plasmodium species ensures that antibodies to all species can be detected. Specific antibodies in serum or plasma specimens combined with these antigens when a conjugate was added to a well in which the specimen has been incubated. After un-reacted material was removed by washing with wash buffer, the presence of bound enzyme indicated the presence of specific antibodies as revealed by a color change in the substrate/chromogen mixture. The intensity of the color was compared to that in the control wells to determine the presence or absence of a specific antibody, which was reported as positive or negative. The antibody malaria test is not part of the national guidelines (treatment based on blood smear results) for malaria management. Therefore, the results of the malaria test in this study were not used to suggest treatment.
Data analysis
The data were analysed using SPSS version 20. At univariate analysis, categorical data were summarized using percentages, while continuous variables were summarized by calculating the mean, standard deviation (SD), median, and range. MFI levels of antibodies to HPV-16/18 showed skewed distribution of the median antibody levels; therefore, the HPV antibody levels were transformed as log 10 (MFI levels for antibody concentration). The mean of the MFI levels and corresponding 95% confidence interval (CI) were calculated. The mean of the MFI values was compared between students who were exposed to helminths and/or malaria and those who were not. The Student's t-test was used to assess the difference between the MFI levels among students who showed evidence of exposure to helminths and/or malaria and those who were not exposed. The statistical level of significance was set at p ≤ 0.05. Box plots were used present the distribution of the mean MFI values for HPV-16/18 antibody levels among students exposed to helminths or malaria at baseline and those who were not.
Results
Study population
A total of 375 fully vaccinated students were present on the day of enrolment, of whom 211/375 (56.3%) had parental consent and assented to participate in the study. The mean age of the students was 13.09 years of age (SD 1.48; range 10-16 years). At the 24-month post-vaccination follow-up visit, 195/211 (92.4%) attended the visit. Sixteen students (16/211; 7.5%) were absent from the schools after repeated visits to the schools and were considered lost to follow-up.
Malaria and helminth exposure at baseline (18 months post-vaccination)
A total of 207/211 (98.1%) students had adequate samples, and these were the ones who were included in the final analysis. There were 24/207 (6.8%) students who were found to have evidence of helminth (hookworm, S. mansoni, and Trichuris trichiura) exposure in their stool by presence of ova or the actual helminth. Hookworm was more common 14/24 (58%), followed by Trichuris trichiura 6/24 (25%), and S. mansoni 4/24 (16.6%); none of the students was found to have A. lumbricoides. A total of 166/207 (80%) were positive by the malaria parasite antibodies (IgA, IgG, IgM) test (Table 1) .
Immunogenicity
All the students (207/207; 100%) were seropositive for HPV-16 at month 18 (enrolment) and remained so through month 24 post-vaccination. However, for HPV-18, 205/207 (99.0%) were seropositive at enrolment, and by month 24, 188/191 (98%) were seropositive (two students who had initially been positive for HPV-18 at month 18 turned negative; one initially negative for HPV-18 remained negative through month 24 while the second one was lost to follow-up). Overall, the mean MFI HPV-16 antibody level at month 18 was 4,691 (95% CI 4,438-4,958) and the mean MFI HPV-18 antibody response was 1,615 (95% CI 1,469-1,776) with no significant change in mean MFI HPV-16 and 18 antibody level at month 24 (n = 191) ( Table 1) .
The mean MFI HPV-16/18 antibody responses at month 18 were similar among students positive for any helminth and/or malaria exposure and those who were negative for both exposures (HPV-16 Table 1 and Figure 1 ; HPV-18 Table 1 and Figure 2) . Further, at month 24, both mean MFI HPV-16 and mean MFI HPV-18 antibody titers were similar in both groups ( Figures 3 and 4, respectively) . However, there was a slight increase in the mean levels of HPV-18 antibodies at month 24 among students with evidence of malaria exposure. The difference was of borderline statistical significance: MFI unexposed, 1,166 (95% CI 829-1,641); exposed 1,583 (95% CI 1,391-1,802) (p = 0.05) ( Table 1) . There was a slight increase in the mean levels of HPV-18 antibodies at month 24 among students with evidence of malaria exposure. The difference was of borderline statistical significance (p = 0.05).
Furthermore, there was no difference in mean MFI level of HPV-16/18 antibodies at baseline between the students who had malaria and/or helminth exposure and those who were negative for both ( Table 2) .
Ethical considerations
The study was approved by the higher degrees research and ethics committee (HDREC) of Makerere University College of Health Sciences and by the Uganda National Council for Science and Technology (UNCST). Permission was sought from the local government in the district of study and school authorities. Consent from the parents/guardians of the students as well as assent from the students were obtained. The students who were found to have minor ailments such as ringworms, septic skin wounds, and menstrual period cramps were treated according to the treatment guidelines of the Uganda Ministry of Health. All the students were given deworming medication (mebendazole) within a month of enrolment as part of the routine national deworming exercise. The students who tested positive by the malaria parasites antibody (IgA, IgG, IgM) test were not treated for malaria because the malaria kit used in this study was the not the standard test for clinical malaria.
Discussion
This study evaluated the possible effect of malaria and helminth exposure on the immunogenicity of the bivalent HPV-16/18 vaccine among healthy adolescent students of unknown HIV serostatus in sub-Saharan Africa using a commercial multiplex serology testing kit. We found no negative effect on the immunogenicity to the bivalent HPV-16/18 vaccine among students who had evidence of exposure to malaria or helminths. This finding is similar to emerging evidence from a study of another African population in Tanzania [16] . In agreement with our study, the Tanzania study found no negative effect on the immune response to the bivalent HPV vaccine as well. In addition, at month 24 post-vaccination, we found that students with evidence of malaria exposure at month 18 had increased levels of antibodies to HPV-18, though it was of borderline statistical significance. This finding was similar to that seen in the Tanzania study above; however, the antibody increase was observed with HPV-16 and the mechanism remains unclear in both studies.
Though they had similar findings, the two studies had some differences in methodology. The period of enrolment post-vaccination when the blood and stool samples were collected was 7 months in the Tanzania study, and 18 months in our study. In addition, we used an antibody test as a marker for malaria exposure, whereas the Tanzania study tested for the presence of malaria parasitemia. However, both studies used the Kato-Katz method to detect helminths in the stool with some differences in the details of the procedures as well, including urine examination in the Tanzania study. Despite some of the methodological differences, the results of the two studies did not differ in terms of effect on the immunogenicity of the vaccine by malaria and helminth exposure. In our study, seropositivity to HPV-18 at baseline was less than 100% and had declined further at the 24-month follow-up visit. This observation of declining seropositivity to HPV-18 has been documented in other studies [17, 18] , though there were differences in the methods used to measure the antibodies.
Overall, the immunological response to the bivalent HPV-16/18 vaccine observed at month 18 was sustained through month 24. This sustained level of antibody response from month 18 to 24 is similar to the documented trend whereby the antibodies were still sustained at up to 7.3 years of follow-up in one of the largest HPV clinical trials [18] .
A strong sustained vaccine-induced immune response has been proven to protect against persistent [18] [19] [20] . We assume that this similar trend of sustained immune response observed in our study will translate into protection against CIN and eventually cervical cancer, though it will be many years before this is realized. The study had some limitations. The students had already been vaccinated and were at month 18 postvaccination. We did not know when these students were exposed to these infections; in addition, a onepoint follow-up may not be representative of the whole effect on the general immunity. Only a small number of students had evidence of helminth infection, and therefore infections were not categorized into light, moderate, or heavy infection, a factor that has the potential to affect the antibody levels. The Kato-Katz method has low sensitivity in diagnosing helminths [21] , coupled with the fact that it was done once in our study. In addition, we did not take stool samples at the second visit (24 months post-vaccination). After taking stool samples at 18 months post-vaccination, all the students were de-wormed and a repeat de-worming was undertaken shortly before our second visit of 24 months. Although our study showed no effect on the immune response by these co-pathogens, this data does not evaluate the effect of longer-term exposure or repeated exposures to these parasites on the immune response. Despite these limitations, however, this study still represents the day-to-day situation in routine HPV vaccination programs.
Conclusions
We found sustained high levels of antibodies to the bivalent HPV-16/18 vaccine up to 24 months postvaccination, and there was no difference in the antibody levels among the students with evidence of malaria and/or helminths exposure among adolescent students in Ibanda, a district of Uganda. Though longterm follow-up studies are needed, this data is reassuring and supports use of the prophylactic HPV-16/18 vaccine in Africa.
